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Abstract. The tensile and compressive deformation behaviors of AZ80 magnesium alloy have been 
investigated in various temperatures and strain rates. During hot working, concurrent strain hardening and flow 
softening are commonly observed in some materials such as magnesium alloys, steel and aluminum alloys. Due 
to obtaining the stress-strain behavior of these materials is complicated, time and cost consuming procedure. 
Hence, a mathematical model can be useful to predict the stress-strain behavior of these alloys. In this study a 
mathematical model has been developed to predict the stress-strain curves of AZ80 Mg alloy. The results of 
compression tests have corrected by numerical correction factor. Also in tension, because of necking 
phenomena, the true stress-strain curve is obtained by measuring of the critical area. A mathematical model is 
proposed to predict the behavior of stress-strain curves of AZ80 magnesium alloy. The stress-strain curve is 
divided into two parts and a model is proposed to prediction each part. 
 
1 INTRODUCTION 
In the recent years, weight reduction has become a key issue for many industries such as automotive 
manufacturers [1]. For this reasonn, magnesium alloys have great attention in automotive and other industries due 
to their excellent high strength/weight ratio, corrosion resistance, weldability and recyclability [2, 3]. Trojonava 
et al. investigated AZ91, AS21 and AE42 magnesium alloys behavior in wide range of temperatures and strain 
rates [4, 5]. They investigated the value of strain hardening and strain softening by computation of stress 
depending to the strain hardening. They showed that strain hardening decreases by increasing temperature and 
stress. Sirapragash et al. investigated the fracture behavior of ZE41A magnesium alloy at various temperatures 
and strain rates [6]. They have proposed an analytical model to predict hot deformation behavior of ZE41A 
magnesium alloy by using the Zener – Hollomon parameters. Tancheng-Wen et al. investigated the hot 
deformation behavior of AZ31 magnesium alloy [7]. They have shown that the slip systems are activated at high 
temperature. Abedi et al. investigated the AZ31 tension behavior and workability temperature between 300°C to 
500°C and a strain rate of 0.001s-1 [8]. They have shown that workability increases when temperature.  
Masoudpanah et al. studied tensile and shear deformation behavior of AZ31 Mg alloy processed by extrusion and 
ECAP [9].  They claimed that compared with the extrusion specimens, the sample produced by ECAP 
represented more formability and lower yield stress. Zhao et al. investigated the tensile deformation behaviors 
and micro structure of ZK60-Y which was produced in two ways [10]. Easton et al. compared tensile and 
bending deformation behavior of magnesium alloys with aluminum and steel alloys [11]. They have shown that 
magnesium alloys have higher formability and strength. Palumbo et al investigated the deformation behavior of 
AZ31Mg alloy at constant strain rate [12]. They have proposed a mathematical formulation for the constant strain 
rate conditions which can be used in FE simulation.  Anbuselvan et al. investigated deformation behavior of 
ZE41A by mean of compression tests [13]. Their studies showed that temperature and strain rate have important 
influences in the forming process of Mg alloys. Song et al. investigated the rate sensitivity of the die cast 
magnesium alloys [14]. They studied Compressive properties of three die cast magnesium alloys AM20, AM50 
and AM60 in a wide range of temperature and strain rate. They showed that in low strain rates, strain rate 
sensitivity decreases by increasing the Al content in magnesium alloys. F. Fereshteh-Saniee and Fatehi-Sichani 
proposed a numerical correction factor which had better results than bulk correction factor [15]. In order to 
compare the accuracy of numerical correction factors with that suggested by Bulge correction factor, they have 
employed for experimental data obtained from the compression tests with lead and tin. 
Many studies have done on magnesium stress-strain curve relations, especially in high temperatures and some 
models have been proposed to predict their behavior. Sheng et al. proposed a mathematical model by attention to 
temperature and strain rate influences and by use of Zener – Hollomon parameters [16]. They divided the stress-
strain rate curve to four parts and used a function of Zener – Hollomon parameter to model each part. Xiaoming 
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He et al. investigated the deformation behavior of Ti–45Al–8.5Nb alloy at high temperature [17]. Also they 
proposed a mathematical model to predict the stress-strain curves of this alloy. The difference of this model to 
others is the material parameters determination process. They have expressed material constants in polynomial 
form of strain. Then the coefficients are determined by list square method. R. Ebrahimi et al. proposed a 
mathematical model for Ti-IF alloy stress-strain curve at high temperature [18]. In this model, they have divided 
the stress-strain curve in two parts. 
The present work is concerned with the deformation behavior of AZ80 magnesium alloy in tension and 
compression. The tests are performed in the temperature range of 498–500 ºK and the strain rate of 0.0005-0.1 s-
1. Because of barreling and necking in the tensile test, suitable correction factor should be determined and 
applied to the experimental result in order to convert the created three dimension stress field to the corresponding 
uniaxial one. The necessary correction factors were calculated based on the finite element simulation of these 
tests. The results of compression tests have corrected by numerical correction factor [15]. Also in tension, 
because of necking phenomena, the true stress-strain curve is obtained by measuring of the critical area. A 
mathematical model is proposed to predictt the behavior of stress-strain curves of AZ80 magnesium alloy in 
tension and compression. The stress-strain curve is divided into two parts and a model is proposed to prediction 
each part. To reach the needed equations, the parameters like maximum stress and corresponding strain, steady 
stress in compression stress-strain curve, necking stress and corresponding strain and fracture stress in tension 
stress-strain curve are determined. 
2 DESCRIPTION OF THE MODEL 
The model which is proposed in this paper is based on the Ebrahimi et al. model [18]. They have proposed 
their model for compressive stress–strain curves of Ti-IF steel at high temperature. In this study by vision to their 
model and apply the needed changes a mathematical model propose for the tensile and compressive stress–strain 
curves of AZ80 magnesium alloy at elevated temperature. In this model the stress–strain curve represents two 
distinct regions. Fig.1. (a, b), shows schematic diagram of tension curve. In the first region, the deformation of 
metals at elevated temperature shows work hardening to a peak stress and second part is from neck point to 
fracture point. In compression the first part is from beginning to maximum stress and the second part is from 
maximum stress to steady stress. Fig.1.c shows the parts of compression curve.  
 
2.1 The first part modeling 
The modeling of first part of the compression curve can be obtained from the equation 1 and the modeling of 
first part of the tensile curve can be obtained from the equation 2 which are expressed below.  
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The value of Cc and CT should be determined for each material. pσ and pε are the maximum stress and 
corresponding strain for compressive curve. Nσ and Nε  are the necking stress and its strain for tension. 
Equation 1 and 2 can be rewritten: 
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Fig. 1 shows the plot ln( / )Nσ σ  versus ( ))ln( / 1 /P pε ε ε ε+ −   for all stress-strain up to maximum stress for 
compression and up to neck stress for tension. By these plots CC and TC can be obtained. For this material 
CC is 0.465 and TC is 1.201. 
 
2.2 The second part modeling 
After first part the curve slop can be obtained from equation 5 for compression and equation 6 for tension. 
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sσ is the steady stress for compression curves and fσ  is the fracture stress for tension curves. 1Cc and 1Tc  are 
coefficient which should be obtained. By solving the equation 5 with respect to ε  using boundary condition 
pσ σ=  and  pε ε= the equation 7 is obtained for compression. Also By solving the equation 6 with respect to 
ε    using boundary condition Nσ σ=  and  Nε ε= the equation 7  is obtained for tension. 
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if Kε ε= and K pKε ε=  which 1K ≤  and k sσ σ> , 1Cc  can be obtained from equation 9. 
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where kσ  is stress calculated from equations 3 and 4. Genetic algorithm optimization approach is used to obtain 
the 1Tc  coefficient. The value of this coefficient is optimized for all tension curves. By this method 1Tc  is 
estimated 2.34. It is obvious to modeling the curves pσ , pε  and sσ are needed for compressive curves and Nσ , 
Nε  and fσ  are needed for tensile curves. At all the stress level, the relationship of flow stress with deformation 
temperature and strain rate can be described by hyperbolic sine law: 
[sinh( )] exp( / )nA Q RTε ασ ′= −ɺ         (10) 
where A,α  and n′ are constants, Q is the deformation activation energy and R is the universal gas constant. 
Equation 10 is approximated by the power relation: 
exp( / )nB Q RTε σ= −ɺ          (11) 
where B and n are constants. Equation 11 can be rewritten as below: 
ln ln ln ( / )B n Q RTε σ= + −ɺ         (12)   
utilizing the linear relationship between lnσ  versus lnεɺ , the 1/ n  can be obtained which is the slope of 
curve. This should be done for all stress-strain curves at all temperatures and strain rates. Then mean values of 
material constant are used. For the compression both of pσ and sσ  are needed. Hence, both of pn and sn  
should be determined. Fig. 3(a, b) shows the plot of ln pσ versus lnεɺ  and ln sσ versus lnεɺ , respectively. For 
tension both of Nσ and fσ  are needed. So both of Nn and fn  should be computed. Fig. 3(c, d) shows the plot 
of ln Nσ versus lnεɺ  and ln fσ  versus lnεɺ , respectively. The value of sn and pn are obtained 12.4 and 9.5, 
respectively. The value of Nn  and fn  are obtained 37.78 and 31.47, respectively. By the same method, the 
deformation activation energy for the peak, fracture and steady state stresses can be obtained. In equation 12 by 
plotting lnσ  versus 1000 /T , Q can be determined. In compression, both of PQ and sQ  should be 
computed. Fig. 4(a, b) shows the plot of ln pσ and ln sσ versus 1000 /T . For the tensile curves, both of 
Nσ and fσ  are needed. So both of NQ and sQ  should be computed. Fig. 4(c, d) shows the plot of ln Nσ and 
ln fσ versus 1000 /T . The values of PQ and sQ are 165.6 and 170.5, respectively. And the values of NQ  
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and sQ  are 443.117 and 301.563, respectively. Also pB and sB should be determined. The equation 11 can be 
rewritten by equation 13, 14, 15 and 16. 
exp( / ) / pnp p pB Q RTε σ = × ɺ         (13) 
[ ]exp( / ) / sns s sB Q RTε σ= ×ɺ         (14) 
[ ]exp( / ) / NnN N NB Q RTε σ= ×ɺ         (15) 
[ ]exp( / ) / fnf f fB Q RTε σ= ×ɺ         (16) 
by using of PQ , sQ , pn  and sn , and by using of true pσ  and sσ , pB and sB determined at all temperatures 
and strain rates. The average value is the value of pB and sB for this alloy. Also by using of  NQ  , fQ  and 
fn  and Nn , and by using of true fσ  and Nσ , NB and fB estimated for all temperatures and strain rates. The 
average value is the value of NB and fB for this alloy. Furthermore, pε and Nε  should be determined to 
predict behaviour of material under tensile and compressive condition. By using the equation 17 the relation 
between Nε and the Zener – Hollomon parameter can be expressed as below: 
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04 10N d Zε
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which 0d  is the initial grain size and Z is the Zener – Hollomon parameter: 
/Z Q RT=           (18) 
equation17 can be rewritten: 
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having the true value of Nε and Z, ln Nε  versus ln Z can be plotted ( Fig. 5). By having A and B there is an 
equation to computing the Nε . 
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As showed, all of coefficients which are needed to mathematical model are determined. Fig. 6 and 7 show 
good agreement between mathematical modeling and experimental curves of compression and tension tests. The 
points which are shown in experimental curves of tension and compression, each one are computed by separate 
test. In fact, in compression each curve is tested in several stages and a specimen in used for each stage. So the 
change in specimen diameter is measured after buckling and the true stress of specimen is computed by using the 
numerical correction factor [15]. Also, in tension test, force divided by critical area makes true stress, after 
necking. So after neck each point which is shown in curves is computed by separate test. The Bridgman 
correction factor is used to correct the results of tension tests.    
3 CONCLUSIONS 
The tensile and compressive behavior of AZ80 magnesium alloy investigated at high temperature and several 
strain rates. In compression, each curve is tested in several stages and a specimen in used in each stage. So the 
change in specimen diameter is computed after buckling and the true stress of specimen is computed by using the 
numerical correction factor. Also, in tension test, after necking each point is determined by separate test. The 
Bridgman correction factor is used to correct the result of tension tests. A mathematical model is proposed to 
prediction the tensile and compressive stress-strain curves at high temperatures. The stress-strain curves are 
divided into two parts and a model is proposed for each part. The material parameters such as maximum stress 
and corresponding strain, steady stress for compression and also, neck stress and corresponding strain and 
fracture stress for tension are determined at various temperatures and strain rates. The estimated stress–strain 
curves under different hot deformation conditions were in good agreement with experimental results. 
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Figure. 1 Typical flow stress curve at the elevated temperature (a, b) tension (c) compression 
 
    
Figure. 2 The calculation of constants CC and TC  based on experimental data (a) compression (b) tension 
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Figure. 3 The relationship between stress and strain rate at different temperatures (a) peak stress (b) steady stress 
(c) necking stress (c) fracture stress 
 
  
  
  
  
Figure. 4 The relationship between stress and temperatures at different strain rate (a) peak stress (b) steady stress 
(c) necking stress (c) fracture stress 
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Figure. 5 The relationship between peak strain and Zener-Hollomon parameter
 
 
 
 
    
  
Figure. 6 Comparison between calculated flow stress curves with the experimental results of compression tests 
(a) 493ºK (b) 523ºK (c) 573 ºK 
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Figure. 7 Comparison between calculated flow stress curves with the experimental results of tension tests (a) 
548ºK and 0.005s-1 (b) 623ºK and 0.0005s-1 (c) 573 ºK and 0.001s-1 
 
